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ABSTRACT 

A s t u d y  o f  e l e c t r o s t a t i c  d ischarge  haza rds  w a s  c o n d u c t e d  t o  
d e t e r n i n e  t h e  worse case s i t u a t i o n  i n  h a n d l i n g  a n d  p r o d u c i n g  
p r o p e l l a n t s ,  p y r o t e c h n i c s  and e x p l o s i v e s  (PEP) .  E l e c t r o s t a t i c  
charge g e n e r a t  i o n ,  s t o r a g e  a n d  mechan i sms  o f  d i s c h a r g e  were 
s t u d i e d ,  E x t e r n a l  v e r s u s  i n t e r n a l  g e n e r a t e d  d i s c h a r g e s  were 
s t u d i e d .  

A s e t  of  g u i d e l i n e s  were e s t a b l i s h e d  to e v a l u a t e  e l e c t r o s -  
t a t i c  c h a r g i n g ,  c h a r g e  t r a n s f e r ,  s t o r a g e  a n d  d i s c h a r g e s .  In -  
p e d a n c e  m a t c h i n g  is e s s e n t i a l  for i g n i t i o n  of  a wide  v a r i e t y  o f  
mater ia l s  i n  p r o c e s s i n g  a n d  h a n d l i n g .  D 
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I N T R O D U C T I O N  

As a r e s u l t  of numerous  i n c i d e n t s  a t t r i b u t e d  t o  e l e c t r o s -  
t a t i c  d i scharge  i n i t i a t i o n s ,  there  is a great n e e d  f o r  h a v i n g  
p r o v e n  m e t h o d s  of t e s t i n g  s e n s i t i v e  materials.  M i l i t a r y  a p -  
p l i c a t i o n s  a re  o f  p a r t i c u l a r  i n t e r e s t  h e r e  b e c a u s e  o f  t h e  large-  
s c a l e  p r o d u c t i o n ,  h a n d l i n g ,  a n d  s to rage  of e x p l o s i v e ,  p r o p e l l a n t ,  
a n d  p y r o t e c h n i c  i tems. 

The p u r p o s e  of t h i s  p a p e r  is t h r e e f o l d :  

(T)  t o  r e v i e w  t h e  h i s t o r y  of  w o r k  on  e l e c t r o s t a t i c  s e n -  
s i t i v i t y  t e s t i n g  of  e x p l o s i v e  ma te r i a l s .  

( 2 )  t o  r e v i e w  t h e  t e s t i n g  p r o c e d u r e s  p e r f o r m e d  by v a r i o u s  
g o v e r n m e n t  a g e n c i e s  a n d  by S a f e t y  C o n s u l t i n g  E n g i n e e r s ,  
I n c .  

( 3 )  t o  c o n d u c t  e l e c t r o s t a t i c  d i s c h a r g e  t e s t s  u s i n g  v a r i o u s  
m e t h o d s  i n  o r d e r  t o  d e t e r m i n e  worst-case i n i t i a t i o n  
t h r e s h o l d s .  

ESD H A Z A R D S  

S t - a t i c  e l e c t r i c i t y  c a n  b e  g e n e r a t e d  a n d  r e t a i n e d  i n  o n e  o f  
t h e  f o l  w g ways ,  t h u s  c r e a t i n g  a n  e l e c t r o s t a t i c  i g n i t i o n  h a z a r d :  ts,Jr ~- 

( I )  C h a r g i n g  of  e x p l o s i v e  p o w d e r s ,  l a r g e  s o l i d  p a r t i c l e s ,  
o r  m i x t u r e s .  T h i s  t y p i c a l l y  c a n  o c c u r  from t h e  
p n e u m a t i c  t r a n s p o r t  o r  l o a d i n g  o f  e x p l o s i v e  mater ia l s  
i n  b u l k  form, s i e v i n g  a n d  g r i n d i n g  o p e r a t i o n s ,  and  
m i x i n g / b l e n d i n g  o p e r a t  i o n s .  

( 2 )  C h a r g i n g  of s u r f a c e s  t h a t  are  made from p o o r l y  c o n -  
d u c t i n g  s u b s t a n c e s  w h i c h  come i n  c o n t a c t  w i t h  
e x p l o s i v e  material .  T y p i c a l  s c e n a r i o s  f o r  t h i s  i n -  
c l u d e  t h e  u s e  of  T e f l o n  o r  p l a s t i c  c o a t i n g s  on  r o c k e t  
m o t o r  m a n d r e l s  f o r  t h e  p u r p o s e  o f  r e d u c i n g  n e t a l - t o -  
metal c o n t a c t  f r i c t f o n  b e t w e e n  p h r t s  a n d  d u r i n g  
l n a n d r e l  e x t r a c t i o n  o p e r a t i o n s ,  a n d  t h e  u s e  o f  l a r g e  
c o n t a i n e r s  o r  p i p i n g  made from o r  l i n e d  w i t h  mater ia l s  
p o s s e s s i n g  i n s u l a t i n g  p r o p e r t i e s .  

( 3 )  C h a r g i n g  of  p e r s o n n e l  i n  areas  where e x p l o s i v e  
material  o p e r a t i o n s  a re  b e i n g  ca r r i ed  o u t .  Cornmon i n -  
s t a n c e s  o f  t h i s  c a n  o c c u r  f rom w a l k i n g  on n o n c o n d u c t -  
i n g  f l o o r i n g ,  w e a r i n g  s h o e s  w i t h  n o n c o n d u c t i n g  s o l e s ,  
r i s i n g  f rom a c h a i r ,  b r u s h i n g  a g a i n s t  a n  o b j e c t ,  ac- 
q u i r i n g  t h e  c h a r g e  from a n o t h e r  o b j e c t  i n  t h e  v i c i n i t y  
by t h e  p r o c e s s  o f  i n d u c t i o n ,  a n d  removing a n d  a r t i c l e  
of c l o t h i n g  t h a t  c o n t a i n s  s y n t h e t i c  f i b e r s .  
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( 4 )  C h a r g i n g  of metal o b j e c t s  t h a t  a r e  i s o l a t e d  f rom 
g r o u n d  a n d  wh ich  come i n  c o n t a c t  w i t h  e x p l o s i v e  
ma te r i a l .  T h i s  m i g h t  b e  s e e n  w i t h  p r o c e s s  e q u i p m e n t  
t h a t  is i n v o l v e d  i n  t h e  d i r e c t  h a n d l i n g  o f  e x p l o s i v e  
mater ia l s  o r  i n  t h e  f a b r i c a t i o n  o f  e x p l o s i v e ,  p r o p e l -  
l a n t  o r  p y r o t e c h n i c  items. 

ESD T E S T I N G  HISTORY 

T h e r e  h a s  b e e n  much p r e v i o u s  w o r k  r e g a r d i n g  t h e  d e v e l o p m e n t  
of  u s e f u l  e l e c t r o s t a t i c  s e n s i t i v i t y  t e s t i n g  p r o c e d u r e s .  Some 
h i g h l i g h t s  o f  t h  work is  p r e s e n t e d  f rom a h i s t c j r i c a l  p e r s p e c -  
t i v e  i n  T a b l e  1 .  ts, 
ESD S E N S I T I V I T Y  TESTING 

The f i r s t  s t e p  t o w a r d s  e s t a b l i s h i n g  s a f e t y  m e a s u r e s  i s  t o  
h a v e  re l i a b l e  m e t h o d s  f o r  e l e c t r o s t a t i c  d i s c h a r g e  t e s t i n g  wh ich  
r e l a t e  t o  ESD mechan i sms  t h a t  m i g h t  o c c u r  u n d e r  p r o c e s s i n g  a n d  
h a n d l i n g  c o n d i t i o n s .  The i m m e d i a t e  g o a l s  of s u c h  t e s t i n g  a r e  ( a )  
t o  d e t e r m i n e  how s e n s i t i v e  t h e  material  i s  i n  t h e  p r e s e n c e  of a n  
e l e c t r o s t a t i c  d i s c h a r g e ;  ( b )  t o  d e v e l o p  a mechanism t h a t  e x p l a i n s  
how a d i s c h a r g e  t a k e s  p l a c e  i n  t h e  material  u n d e r  s t u d y ;  a n d  ( c )  
t o  e s t a b l i s h  a n  a c c e p t a b l e  v a l u e  f o r  t h e  minimum i g n i t i o n  e n e r g y  
f o r  e a c h  p o t e n t i a l  c o n d i t i o n ,  D 
Government  Agency T e s t i n g  P r o c e d u r e s  

S e v e r a l  g o v e r n m e n t  a g e n c i e s  h a v e  c o n t r i b u t e d  e x t e n s i v e l y  t c  
t h e  f i e l d  o f  e l e c t r o s t a t i c  s e n s i t i v i t y  t e s t i n g  of e x p l o s i v e  
n a t e r i a l s ;  namely  t h e  U . S .  B u r e a u  of  M i n e s ,  t h e  P i c a t i n n y  Ar- 
s e n a l ,  t h e  L o s  Alamos N a t i o n a l  L a b o r a t o r y ,  t h e  N a v a l  Weapons 
C e n t e r ,  a n d  t h e  N a v a l  O r d n a n c e  S t a t i o n .  A l l  o f  t h e s e  a g e n c i e s  
h a v e  d e v e l o p e d  a n  a p p r o a c h i n g - e l e c t r o d e  d e v i c e  f o r  which  o n l y  
t h e  t e s t  g p a r  e t e r s  v a r y .  T h i s  i n f o r m a t i o n  is summar ized  i n  
T a b l e  2 .  f 4 7 5 , 7 , 8 r p  

t h e  U.S. 3 u r e a u  o f  Mines  a n d  t h e  P i c a t i n n y  A r s e n a l  a r e  shown i n  
F i g u r e s  1 ,  2 ,  a n d  3. The e l e c t r o d e  d e v i c e s  d e v e l o p e d  by  t h e  Los  
Alamos N a t i o n a l  L a b o r a t o r y ,  t h e  N a v a l  Weapons C e n t e r ,  a n d  t h e  
N a v a l  O r d n a n c e  S t a t i o n  are s imi la r  i d e s ' g  The a p p r o a c h i n g -  

The a p p r o a c h i n g - e l e c t r o d e  d e v i c e s  d e v e l o p e d  by 

e l e c t r o d e  d e v i c e  i s  d e s c r i b e d  below. ? 4 , 5 , 3  , B r  
The  basic  p r i n c i p l e  o f  o p e r a t i o n  f o r  t h e  a p p r o a c h i n g -  

e l e c t r o d e  a p p a r a t u s  i n v o l v e s  c h a r g i n g  c a p a c i t o r s  f rom a h i g h  
v o l t a g e  DC s u p p l y ,  a n d  t h e n  d i s c h a r g i n g  t h e  s t o r e d  e n e r g y  t h r o u g h  
t h e  t e s t  mater ia l  u n d e r  s t u d y .  The e l e c t r i c a l  d i s c h a r g e  o c c u r s  
i n  t h e  r e g i o n  b e t w e e n  a n e e d l e  o r  a f l a t  p l a t e ,  r e f e r r e d  t o  as 
t h e  u p p e r  e l e c t r o d e ,  a n d  a s t e e l  c y l i n d e r  base t h a t  h o l d s  t h e  
s a m p l e  i n  p l a c e .  The  a p p r o s c h i n g - e l e c t r o d e  ( s p r i n g - l o a d e d )  a p -  
p a r a t u s  is  r a p i d l y  re leased  f rom t h e  s a m p l e  b e i n g  t e s t e d .  The 
s e n s i t i v i t y  of  t h e  mater ia l  is e v a l u a t e d  as a d i s c h a r g e d  s p a r k  
t h a t  jumps  a c r i t i c a l  d i s t a n c e  ac ross  a n  a i r  g a p  a n d  t h r o u g h  t h e  
s a m p l e .  S t e e l  p h o n o g r a p h  n e e d l e s  o r  brass p i n s  a re  u t i l i z e d  f o r  

D 
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t h e  u p p e r  e l e c t r o d e .  T e s t  s a m p l e s  c a n  b e  u n c o n f i n e d  on a f l a t  
lnetal d i s k  o r  c o n f i n e d  by p l a c i n g  t h e  powder  i n  a p l a s t i c  t u b e  or 
by p l a c i n g  t a p e  o v e r  t h e  powder  on  a d i s k .  

The p o s i t i o n  of t he  n e e d l e  or f l a t  p l a t e  is a d j u s t e d  b y  a 
s e t  scFew s o  t h a t  t h e  s p a c e  b e t w e e n  t h e  base a n d  t h e  u p p e r  
e l e c t r o d e  is a p p r o x i m a t e l y  e q u a l  t o  t h e  c r i t i c a l  g a p  f o r  a g i v e n  
v o l t a g e .  T h i s  d i s t a n c e  is  u s u a l l y  e s t i m a t e d  by r u n n i n g  t r i a l  
t e s t s .  After  s a m p l e  p r e p a r a t i o n ,  t h e  u p p e r  e l e c t r o d e  is  c o c k e d  
t o  i t s  i n i t i a l  p o s i t i o n  a n d  t h e  v o l t a g e  s u p p l y  i s  t u r n e d  on .  
C h a r g i n b  of  t h e  c a p a c i t o r  is m o n i t o r e d  by  a n  e l e c t r o s t a t i c  
v o l t m e t e r .  When i t  r e a c h e s  t h e  d e s i r e d  l e v e l ,  a s w i t c h  is c losed  
which  a l l o w s  e l e c t r i c a l  c o n t a c t  t o  b e  made b e t w e e n  t h e  c a p a c i t a r  
a n d  t h e  u p p e r  e l e c t r o d e .  When t h e  e lec t iode  r e l ease  b u t t c n  is  
p r c s s e a ,  t h e  n e e d l e  o r  f l a t  p l a t e  u n d e r g o e s  a c o n t r a c t i n g  m o t i o n  
a n d  e v f d e n c e  o f  a r e a c t i o n  is n o t e d  by e x a m i n i n g  t h e  t e s t  sa lnp le .  

H o w  r e s u l t s  are o b t a i n e d  from t h e  a p p r o a c h i n g - e l e c t r o d e  t e s t  
d o e s  d e p e n d  upon which  a g e n c y ' s  p r o c e d u r e  is b e i n g  u s e d .  T h e  
U.S. B u r e a u  of Mines a n d  t h e  Los Alamos N a t i o n a l  L a b o r a t o P y  f i x  
t h e  v o l t a g e ,  v a r y  t h e  s i z e  o f t h e  c a p a c i t o r ,  a n d  c o n d u c t  several  
t r i a l s  a t  e a c h  d i s c h a r g e  e n e r g y  l e v e l .  The i g n i t i o n  p r o b a b i l i t y  
p o i n t  me thod  is t h e n  a p p l i e d  t o  t h e  da t a .  T h e  P i c a t i n n y  A r s e n a l  
p r o c e d u r e  c a l l s  for v a r y i n g  the v o l t a g e  f n  a n  i n c r e m e n t a l  f a s h i o n  
f o r  a s e r i e s  o f  d i f f e r e n t  s ized capac i to r s .  The Nava l  Weapons 
C e n t e r  f i x e s  t h e  d i scharge  e n e r g y  ( b y  f i x i n g  t h e  v o l t a g e  a n d  
c a p a c f t a n c e )  a t  a l e v e l  t h a t  ~ -~ s i a u l a t e s  ~ a - d i s c h a r g e  from a p e r s o n .  
SeveraT c o n s e c u t i v e  t e s t s  s h o w i n g  a "no i n i t i a t i o n "  r e s p o n s e  a re  
r e q u i r e d  b e f o r e  t h e  rllaterial u n d e r  s t u d y - c a n  b e  a u t h o r i z e d  for 
u s e  i n  m i l i t a r y  a p p l i c a t i o n s .  The Naval-Ordnance S t a t i o n  f o l l o w s  
t h i s  %me t e s t  f o r m a t ,  t h e  e x c e p t i o n  - b e i n g  t h a t  a r a n g e  of  f i x e d  
e n e r g y  l e v e l s  are  u s e d .  

G e n e r a l  T e s t i n g  P r o c e d u r e s  a t  S a f e t y  C o n s u l t i n g  E n g i n e e r s ,  I n c .  

S a f e t y  C o n s u l t i n g  E n g i n e e r s  a l s o  r o u t i n e l y  p e r f o r m s  
e l e c t r o s t a t i c  s e n s i t i v i t y  t e s t i n g  of e x p l o s i v e ,  p r o p e l l a n t ,  a n d  
p y r o t e c h n i c  mater ia ls .  T h e r e  a re  f i v e  basic  e l e c t r a d e  c o n f i g u r a -  
t i o n s  cised: b a l l ,  s h a r p ,  f l a t  p l a t e ,  p i p e t t e  p l a t e  a n d  p i p e t t e  
s h a r p . -  These  c o n f i g u r a t i o n s  a re  shown i n  F i g u r e  5 a n d  a b r i e f  
d e s c r i p t i o n  o f  each is p r o v i d e d  be low.  

1 .  B a l l  E l e c t r o d e  - 

The u p p e r  e l ec t rode  is  a b a l l  e l e c t F o d e  c o n f i g u r a t i o n  con-  
s i s t i n g  of  a s o l i d  metal s p h e r e  a p p r o x i m a t e l y  0 . 9 2 5 "  i n  diameter 
a t t ached  t o  a c o p p e r  r o d .  T h e  base e l ec t rode  is  a f l a t  metal 
d i s k  t h a t  is a t t a c h e d  by a d h e s i v e  t o  a n  L n s u l a t i n g  s u r f a c e .  Two 
d i f f e r e n t  s i z e s  o f  d i s k s  a re  u s e d ,  d e p e n d i n g  upon t h e  s i z e  of the  
s a m p l e  b e i n g  t e s t ed :  0.3" a n d  2 " .  The b a l l  e l e c t r o d e  i s  con-  
n e c t e d  d i r e c t l y  t o  t h e  p o s i t i v e  s i d e  o f  a -charged  c a p a c i t o r  cir- 
c u i t ;  when a vacuum r e l a y  s w i t c h  is t r i p p e d ,  t h e  c a p a c i t o r  dis- 
c h a r g e s  i t s  e n e r g y  t h r o u g h  v a r i o u s  r e s i s t a n c e s  t o  t h e  b a l l  a n d  
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s u b s e q u e n t l y  t h r o u g h  t h e  sample.  T h i s  tes t  c a n  b e  carr ied o u t  as  
a no-gap, f i x e d - g a p  o r  a p p r o a c h i n g - e l e c t r o d e  p r o c e d u r e .  The no- 
g a p  p r o c e d u r e  r e q u i r e s  t h a t  t h e  b a l l  e l e c t r o d e  j u s t  t o u c h  t h e  
sample.  The f i x e d - g a p  p r o c e d u r e  r e q u i r e s  t h a t  t h e  b a l l  e l e c t r o d e  
b e  suspended  a d i s t a n c e  t h a t  is s l i g h t l y  above  t h e  sample .  The 
a p p r o a c h i n g - e l e c t r o d e  p r o c e d u r e  i n v o l v e s  l o w e r i n g  t h e  cha rged  
b a l l  t o  a p o i n t  j u s t  s l i g h t l y  above t h e  s u r f a c e  o f  t h e  sample .  

2 .  S h a r p  Electrode 

The s h a r p  e l e c t r o d e  s e t u p  is  similar i n  d e s i g n  a n d  o p e r a t i o n  
t o  t h e  b a l l  e l e c t r o d e ;  however,  t h e  uppe r  e l e c t r o d e  is i n s t e a d  a 
p i e c e  of  coppe r  wire O . l O t t  i n  diameter s h a r p e n e d  t o  a p o i n t  a t  
i ts  lower end. The s h a r p  e l ec t rode  s e t u p  c a n  be  u s e d  i n  a 
f ixed -gap  or a p p r o a c h i n g - e l e c t r o d e  t e s t .  

3. F l a t  P l a t e  E l e c t r o d e  

The  f l a t  p l a t e  e l e c t r o d e  t e s t  is o p e r a t e d  i n  t h e  same manner 
as  t h e  metal b a l l  and t h e  p o i n t e d - p r o b e  e l e c t r o d e  tests.  In t h i s  
case;  however ,  t h e  uppe r  e l e c t r o d e  c o n s i s t s  o f  a metal d i s k  w i t h  
ra i sed  e d g e s ,  s i n i l a r  i n  s h a p e  t o  a b o t t l e  cap. The o u t s i d e  
dialneter o f  t h e  d i s k  is  a p p r o x i m a t e l y  0.955tt a n d  t h e  i n s i d e  
diameter, c o m p r i s i n g  t h e  a c t u a l  c o n t a o t  s u r f a c e ,  i s  a b o u t  0.75511. 
The f l a t  p l a t e  e l ec t rode  is used t o  d e t e r m i n e  t h e  e n e r g y  a t  which 
e l e c t r i c a l  breakdown c a u s i n g  i g n i t i o n  p f  t h e  material o c c u r s .  
Both  breakdown a n d  i n i t i a t i o n  t h r e s h o l d s  c a n  b e  f o u n d  using t h i s  
t e s t .  A bu rn  h o l e  t h a t  p a s s e s  compJ.etely t h r o u g h  t h e  sample  is 
e v i d e n c e  o f  e l e c t r i c a l  breakdown. The f l a t  p l a t e  e l e c t r o d e  s e t u p  
can  b e  used  i n  a no-gap or f i x e d - g a p  tes t  p o s i t i o n .  

4 .  P i p e t t e  P l a t e  Elec t rode  

D 

The p i p e t t e  p l a t e  e l e c t r o d e  c o n f i g u r a t i o n  r e c e i v e s  i t s  name 
fraln t h e  roanner i n  which  t h e  sample  is c o n f i n e d  d u r i n g  t e s t i n g .  
Samples  a re  f i r s t  p r e p a r e d  f o r  t h i s  t e s t  by o b t a i n i n g  1/2"  long  
p i eces  from a p l a s t i c  p i p e t t e .  A m a l l  amount o f  t e s t  powder is  
l o o s e l y  scooped  i n t o  a p i p e t t e  ho lde r  u n t i l  a sample  h e i g h t  of 
about 0.1" is a c h i e v e d .  The  e l e c t r o d e  s e t u p  is t h a t  o f  a se t  o f  
f l a t  p l a t e s  separated by a f i x e d  d i s t a n c e  a n d  s h i e l d e d  by a p l a s -  
t i c  c o v e r .  The  sample  h o l d e r  is p o s i t i o n e d  between two c o p p e r  
wire e l e c t r o d e 3  O . l O t l  i n  diameter by r a i s i n g  t h e  uppe r  e l ec t rode  
i s  t h e n  lowered  i n t o  t h e  t u b e  u n t i l  i t  j u s t  t o u c h e s  t h e  powder 
sample w i t h o u t  compress ing  i t .  After p l a c i n g  a p l a s t i c  s h i e l d  
o v e r  t h e  e l e c t r o d e  r e g i o n ,  t h e  a p p p r a t u s  is  r e a d y  f o r  o p e r a t i o n .  
A s  w i t h  t h e  o t h e r  e l e c t r o d e  t e s t s ,  a cha rged  c a p a c i t o r  discharges 
e n e r g y  v i a  r e s i s t o r s  t o  t h e  u p p e r  p l a t e  and s u b s e q u e n t l y  t h r o u g h  
t h e  s a m p l e .  A w h i t e  s p a r k  i n d i c a t e s  no r e a c t i o n  w i t h  t h e  ex-  
p l o s i v e  mater ia l ,  w h i l e  a c o l o r l e s s  s p a r k  i n d i c a t e s  t h a t  a p a r -  
t i a l  r e a c t i o n  h a s  o c c u r r e d .  If t h e  sample  b o l d e r  i s  r u p t u r e d ,  
i g n i t i o n  is s a i d  t o  have  o c c u r r e d .  

5. P i p e t t e  S h a r p  E l e c t r o d e  
D 
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The p i p e t t e  s h a r p  e l e c t r o d e  s e t u p  is s i q i l a r  t o  t h e  p i p e t t e  a 
p l a t e  e l e c t r o d e ,  w i t h  t h e  e x c e p t i o n  b e i n g  t h a t  t h e  u p p e r  
e l e c t r o d e  is  a s h a r p e n e d  p i e c e  of O . l O 1 '  diameter c o p p e r  wire. 
The p o i n t e d  e n d  of  t h e  e l e c t r o d e  is  a l lowed  t o  j u s t  c o n t a c t  t h e  
s a m p l e ,  t h e  e n e r g y  i n  t h e  c a p a c i t o r  is d i s c h a r g e d ,  a n d  e v i d e n c e  
o f  a r e a c t i o n  is r e c o r d e d  i n  € h e  same manner  ~ as w i t h  t h e  p i p e t t e  ~- 
p l a t e  -electrode test. ~ - 

The e l ec t rode  C o n f i g u r a t i o n  is n o t  t h e  o n l y  i m p o r t a n t  
parameter in e l e c t r o s t a t i c  s e n s i t i v i t y  t e s t i n g .  The  c o n f i g u r a -  
t i o n  af the  e l e c t r i c a l  c i r c u i t  a f f e c t s  t h e  r e s u l t s  a s  wel l .  A t  
s a f e t y  C o n s u l t i n g  E n g i n e e r s ,  I n c .  t h r e e  d i f f e r e n t  c i r c u i t  a r -  
r a n g e m e n t s  h a v e  b e e n  u s e d  i n  t e s t i n g  e x p l o s i v e  m a t e r i a l s :  a 
c a p a c i t i v e  c i r c u i t ,  a c a p a c i t i v e - r e s i s t i v e  c i r c u i t ,  a n d  a 
c a p a c t t i v e - i n d u c t i v e  c i r c u i t .  T h e s e  c i r c u i t  a r r a n g e m e n t s  a r e  
shown i n  F i g u r e  6 .  

TEST PERFORMED AT SAFETY C O N S U L T I N G  ENGINEERS, I N C .  

Test D e s c r i p t i o n  

E l e c t r o s t a t i c  s e n s i t i v i t y  tes ts  o n  b l a c k  powder ,  n i t r o c e l -  
lulose, a n d  s o l i d  r o c k e t  p r o p e l l a n t  h a v e - b e e n  - p e r f o r m e d  a t  S a f e t y  
C o n s u l t i n g  E n g i n e e r s .  A w i d e  v a r i e t y  o f  e l e c t r o d e  a n d  c i r c u i t  
c o m b i n a t i o n s  were t r i e d ,  s o  t h a t  minimum i g n i t i o n  e n e r g i e s  c o u l d  
b e  c a l c u l a t e d  a n d  compared  for each mater ia l .  The  b l a c k  powder  
was FFF g r a d e .  The n i t r o c e l l u l o s e  w a s  t e s t e d  i n  a powder  f o r a  
h a v i n g  13.4% n i t r o g e n  c o m p o s i t i o n ,  a n d  I n  s h e e t s  h a v i n g  a 7 0 %  
n i t r o c e l l u l o s e  c o n t e n t  a n d  a t h i c k n e s s  of 0 . O 4 I 1 .  The s o l i d  
r o c k e t  p r o p e l l a n t  c o n s i s t s  (by w e i g h t )  of' 685 aamonium 
p e r c h l o r a t e ,  20% powdered  a luminum,  a n d  12% HTPB-based  b i n d e r .  
The p m p e l l a n t  was tested i n  m i n u s  20 mesh powder  form a n d  s h e e t s  
h a v i n g  a t h i c k n e s s  of 0.04f ' .  B l a c k  powder  a n d  n i t r o c e l l u l b s e  
were t h e  r e f e r e n c e  materials f o r  these  tests. The s p e c i f i c  i n -  
f o r a a t i o n  b e i n g  s o u g h t  from these  t e s t s  is t h e  e f f e c t s  t h a t  t h e  
e l e c t r o d e  c o n f i g u r a t i o n ,  t h e c i r c u i t  c o n f i g u r a t i o n ,  a n d  t h e  c i r -  
c u i t  r e s i s z a n c e  h a v e  o n  c a u s i n g  e l e c t r o s t a t i c  i n i t i a t i o n .  

To d e t e r m i n e  t h e  e l e c t r o d e  c o n f i g u r a t i o n  e f f e c t ,  e l ec t rodes  
were t e s t e d  w i t h  a c h p a c i t i v e - r e s i s t i v e  t e s t e r ,  i n  w h i c h  t h e  
c a p a c L t o r  d i s c h a r g e d  i t s  e n e r g y  t h r o u g h  e i t h e r  z e r o ,  100  k i l o h m s ,  
o r  n o e  aegohrn r e s i s t a n c e .  

To de te rmine  t h e  c i r c u i t  c o n f i g u r a t i o n  a n d  c i r c u i t  resis- 
t a n c e  '-effects, e l e c t r o d e s  were t e s t e d  wiTh a c a p a c i t i v e - r e s i s t i v e  
a n d  a c a p a c i t a t i v e - i n d u c t i v e  t e s t  a p p a r a t u s .  The r e s i s t a n c e s  
u s e d  w x t h i n  t hese  c i r c u i t s  were a l s o  z e r o  100  k i l o h m s ,  a n d  1 
aegohm. T h u s ,  a v a r i e t y  o f  c i r c u i t  c o n f f g u r a t i o n s  were o b t a i n e d  
i n  t h e - S C E - d e s i g n e d  i n s t r u m e n t s .  T h e s e  i n c l u d e  c a p a c i t a t i v e -  
o n l y ,  c a p a c i t a t i v e - r e s i s t  i v e ,  c a p a c i  t a t i v e - i n d u c t  i v e ,  a n d  
c a p  a c L T a L  i v  e -r e s i s t i v  e- i n d u c t  i v  e . 
T e s t  Re s u  1 t s ~ 

- 
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Some s e l e c t i v e  r e s u l t s  from t h e s e  tes ts  a re  p r e s e n t e d  i n  
T a b l e s  3 ,  4 ,  and  5.  

What c a n  be  drawn from T a b l e  3 is a r a n k i n g  o f  t h e  e l e c t r o d e  
c o n f i g u r a t i o n s  i n  terms of t h e  l e v e l  o f  s t o r e d  e n e r g y  t h a t  c a u s e d  
i g n i t i o n .  The materials t e s t e d  showed d i f f e r e n t  l e v e l s  o f  s e n -  
s i t i v i t y  depend ing  upon t h e  e l e c t r o d e  t h a t  was used  f o r  t h e  t e s t .  
I n  g e n e r a l ,  t h e  b a l l  e l e c t r o d e  y i e l d s  t h e  Wwes t  e n e r g y  f o r  i g n i -  
t i o n ,  s o  t h a t  e x p l o $ i v e s  look  v e r y  s e n s i t i v e  when u s i n g  t h i s  ap-  
p a r a t u s .  t h e  s h a r p  e l e c t r o d e  r a n k s  n e x t ,  showing somewhat less  
s e n s i t i v i t y .  T h i s  i s  f o l l o w e d  by t h e  f l a t  p l a t e  e l e c t r o d e ,  which 
m a k e s  t h e  e x p l o s i v e  a p p e a r  n o t  v e r y  s e n s i t i v e  t o  i g n i t i o n .  The 
p i p e t t e  p l a t e  e l e c t r o d e  f a l l s  somewhere i n  between t h e  o t h e r  
e lec t rodes ,  hav ing  g i v e n  much less  d e f i n i t e  r e s u l t s  t h a t  v a r y  
w i d e l y  w i t h  t h e  t y p e  o f  e x p l o s i v e  powder b e i n g  t e s t e d .  

I t  c a n  be  conc luded  from T a b l e  4 t h a t ,  g i v e n  t h e  same 
e l e c t r o d e  , u s i n g  t h e  c a p a c i t a t i v e - i n d u c t i v e  t e s t  a p p a r a t u s  
g e n e r a l l y  y i e l d s  lower  s t o r e d  e n e r g y  v a l u e s .  T h i s  i m p l i e s  t h a t  
i f  a n  e x p l o s i v e  mater ia l  is t e s t ed  w i t h  t h i s  a p p a r a t u s ,  i t  w i l l  
l o o k  more s e n s i t i v e  t o  i g n i t i o n  t h a n  i f  i t  is t e s t e d  w i t h  t h e  
c a p a c i t a t i v e - r e s i s t i v e  a p p a r a t u s .  Thus ,  t h e  p r e s e n c e  o f  a n  i m -  
pedance  i n  t h e  t e s t  c i r c u i t  h a s  a d e f i n i t e  e f f e c t  on t h e  
e l e c t r o s t a t i c  t e s t  s e n s i t i v i t y  of e x p l o s i v e  materials.  

A d d i t i o n a l  i n f o r m a t i o n  can b e  drawn from T a b l e  4 s i n c e  two 
d i f f e r e n t  e l e c t r o d e s  were s t u d i e d .  The b a l l  e l e c t r o d e  g e n e r a l l y  
g i v e s  lower  e n e r g y  v a l u e s  t h a n  t h e  s h a r p  e l e c t r o d e  when u s i n g  t h e  
c a p a c i t a t i v e - r e s i s t i v e  t es te r .  The exact o p p o s i t e  o c c u r s  w i t h  
t h e  c a p a c i t a t i v e - i n d u c t i v e  t e s t e r ,  i n  t h a t  t h e  s h a r p  e l e c t r o d e  
g i v e s  lower  e n e r g y  v a l u e s  t h a n  t h e  b a l l  e l e c t r o d e .  Thus ,  i n  one  
s i t u a t i o n ,  t h e  e x p l o s i v e  material  l o o k s  more s e n s i t i v e  w i t h  t h e  
b a l l  e l e c t r o d e ,  and unde r  d i f f e r e n t  c o n d i t i o n s ,  i t  l o o k s  more 
s e n s i t i v e  w i t h  t h e  s h a r p  e l e c t r o d e .  

v a l u e s  i n  t h e  c a p a c i t o r s  t h a t  were c a p a b l e  o f  c a u s i n g  a d i s -  
c h a r g e .  The s p a r k  e n e r g i e s  compar i son  o f  t h e  s p a r k  e n e r g y  w i t h  
t h e  s t o r e d  e n e r g y  f o r  t e s t s  u s i n g  t h e  s h a r p ,  f l a t  p l a t e ,  and b a l l  
e l e c t r o d e s  is  p r o v i d e d  i n  T a b l e  5 .  The s p a r k  e n e r g y  is  t h e  t r u e  
neasure o f  a mater ia l ' s  s e n s i t i v i t y ,  and i n  a l l  cases shown i n  
T a b l e  5 ,  i t  proved  t o  b e  l ess  t h a n  t h e  s t o r e d  e n e r g y ,  r e g a r d l e s s  
of  t h e  c a p a c i t a n c e  and t h e  v o l t a g e  used i n  t h e  t e s t .  

B 

The e n e r g i e s  l i s t e d  i n  T a b l e s  3 a n d  4 are  t h e  minimum s t o r e d  

Conc lus ion  

The  o v e r a l l  c o n c l u s i o n  t h a t  can be  drawn from t h e  t e s t s  p e r -  
fortned a t  S a f e t y  C o n s u l t i n g  E n g i n e e r s  is t h a t  t h e  combined e f f e c t  
o f  e l e c t r o d e  c o n f i g u r a t i o n  a n d  c i r c u i t  c o n f i g u r a t i o n  m a k e s  ex-  
p l o s i v e  mater ia l s  r e s p o n d  d i f f e r e n t l y  u n d e r  v a r y i n g  t e s t  c o n d i -  
t i o n s .  Thus,  i t  r e m a i n s  a - d i f f i c u l t  t a s k  t o  s p e c i f y  a minimum 
i n i t i a t i o n  t h r e s h o l d  v a l u e  t h a t  c o u l d  be  used  reliably i n  any  
s i t u a t i o n  f o r  a g i v e n  e x p l o s i v e .  

D 
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TABLE 1 

H I S T O R I C A L  PERSPECTIVE OF WORK ON 
ESD S E N S I T I V I T Y  T E S T I N G  OF EXPLOSIVE MATERIALS 

Year 

19 47 

- N a t u r e  o f  Work  R e s e a r c h e r  

F l e i s c h e r  a n d  B u r t l e  D e s c r i b e d  e f f e c t  of  e l e c t r o s t a t i c  
c h a r g e s  o n  v a r i e t y  of  l e a d  a z i d e s  

19 49 R a t h b u r g  a n d  S c h m i t z  Measured  e l e c t r o s t a t i c  a n d  
i g n i t i o n  s e n s i t i v i t y  of p r i m a r y  
a n d  i n i t i a t i n g  e x p l o s i v e s  

1953 Peace Noted p r e s e n c e  of e l e c t r o s t a t i c  

c h a r g e s  o n  s i e v e d  e x p l o s i v e  
p o w d e r s  

1954 Damon a p d  vanDolah  R e p o r t e d  e l e c t r o s t a t i c  s p a r k  t e s t  
r e s u l t s  f o r  s e v e r a l  e x p l o s i v e  
s a m p l e s  

B '956 

Moore, Sumner and  
Wyat t  

Deve loped  e l e c t r o s t a t i c  s p a r k  
s e n s i t i v i t y  tes ts  f o r  i n i t i a t o r s  

1959 S c i a f  e and  Wyatt  C o n t i n u e d  w o r k  on s p a r k  
s e n s i t i v i t y  t e s t s  f o r  i n i t i a t o r s  

1963 J a c k s o n  S t u d i e d  e l e c t r i c a l  c h a r a c t e r i s t i c s  
o f  s e c o n d a r y  e x p l o s i v e s  

1965 Clear O u t l i n e d  t e s t  p r o c e d u r e s  
f o r  e l e c t r o s t a t i c  s e n s i t i v i t y  o f  
exp 10s i v  es  

1967 Hannah a n d  P o l s o n  O b s e r v e d  a c c u m u l a t i o n  o f  s t a t i c  
c h a r g e  d u r i n g  h a n d l i n g  of l e a d  
a z i d e  

1969 

1969 

197 2 

M o n t e s i  D e s c r i b e d  a f i x e d - g a p  ESD 
a p p a r a t u s  f o r  t e s t i n g  e x p l o s i v e s  

P e r  k i n s  R e v i e w  o f  c u r r e n t  ESD t e s t i n g  
m e t h o d s  f o r  e x p l o s i v e s  

Westgate, P o l l o c k  
a n d  K i r s h e n b a u n  

Reviewed c u r r e n t  ESD t e s t i n g  
p r a c t i c e s  u s e d  on  e x p l o s i v e s  a t  
some m a j o r  gove rnmen t  a g e n c i e s  
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~ TABLE 2 

SUMMARY OE ESD TESTING PARAMETERS 

E n e r g y  
S t o r e d  I n  

E l e c t r o d e  Q u a n i  t y  C o n f i n e d  Distance C a p a c i t a n c e  V o l t a g e  C a p a c i t o r  
Type of Sample  . Sample  ' ' Gap I A p p l i e d  

A p p a r a t u s  br 

U.S. Bureau  Approach ing  P a r t l y  0 .0001 - 5 KV 0.0013 - --- 1.0 F F i x e d  12.50 J of  Mines P o i n t  50 mg a n d  No 

P i cat  i nny Approach ing  54 - 7.5 KV Not 
A r s e n a l  P o i n t  5-10 mg Yes 0.18 ntn 6980 pF a n d  down s p e c i f i e d  

P i cat  i n n g  Approach ing  54 - 7.5 KV Not 
A r s e n a l  P o i n t  3-8 mg P a r t l y  0 .19 rnm 6980 pF and  down s p e c i f i e d  

Los Alamos Approach ing  C o n s t a n t -  0 ~ 0 0 0 2  - 5 K V  Range n o t  
s p e c i f i e d  Na t i o n a l  P o i n t  volume Yes ' Not Known1 I 3.0 F F i x e d  

L a b o r a t o r y  basis 

C e n t e r  P o i n t  50 mg No 

A 

5 KV 0.25 J Naval Weapons Approach ing  1 0.0001 - 
F i x e d  Not Known 0.5 F' 

I 0,001 - 
6.25 J 

Naval Qrdntqnce Appmach ing  1 1 1  0~.OQ01 - 5 KV 
S t a t i o n  P o i n t  50 Qg NO Not Known 0.1 F 

S a f e t y  P i p e t t e  
Consu I t  i ng P l a t e  50 mg Yes 2.5 rllm 0.1 F 
E n g i n e e r s  , I n c  . 

F i x e d  

0.0005 - up  t o  0.001 - 
25 KV 24 J 

S a f e t y  F i x e d  and  
Cons  u 1 t i ng Approach ing  50 mg - 0.0005 - up  t o  0 .001 - 
E n g i n e e r s ,  B a l l  10 g N O  Variable 0.1 F 25 KV 24 J 
I n c .  



TABLE 3 

EFFECT OR ELECTRODE CONFIGURATION 

QN STORED ENERGY REQUIRED 

TO ESD I N I T I A T E  MATERIALS 

C a p a c i t i v e  - Resistive ESD T e s t i n g  1 M Resistance 

PROPELLANT PROPELLANT NC NC ( 1 3 * 4 % )  BLACK - SHEET -- POWDER POWDER ELECTRODE SHEET POWDER 

B a l l  3200 3.2 0 - 36 49 

B a l l -  3200 >2800 405 144 .  640 
Approaching 

F l a t  P l a t e  5500 7 20 6050 - 3 6  

D Sharp 36 10 

Sharp-  8450 
Approaching 

550 4500 49 122 

P i p e t t e  P l a t e  - 500 - 6 4  2 8 9  
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TABLE 4 

EFFECT OF CIRCUIT RESISTANCE & TEST APPARATUS 

ON STORED ESD ENERGY THRESHOLDS 

CAPACITIVE-  
R E S I S T I V E  RESISTANCE 
TESTER OHM 

B a l l  E l e c t r o d e  0 

100 K 

1 M  

Sharp E l q c t r o d e  0 

100 K 

1 M  

STORED ESD ENERGY - mJ 
PROPELLANT 1 3 - 4 1  

NC - POWDER 

156 

300 9 0 - 2  

320 9 0 - 2  

- 
550 

49 

49 

BLACK 
POWDER 

360 

6 4 0  

4 9  

810 

122 

IN DU CT I V E  
CAPACITIVE 
TESTER 

Bal l  E l e c t r o d e  0 156 

100 R 300 

1 M  > 12,800 
P o i n t e d  E l e c t r o d e  0 - 

100 K - 
1 M. - 

36 

30 

36 

42 

36 

42 

100 

169 

36 

81 

64  

49  
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TABLE 5 

SPARK ENERGY A S  A FUNCTION 

OF STORED 

CAPACITOR ENERGY 

CAPACITOR CAPACITOR STOEED 
ENERGY 

CAPACITANCE VOLTAGE (mJ> ELECTRODE 

0.1 12,000 7 200 Sharp  

0.01 17,000 1445 S h a r p  

0.002 7 , 0 0 0  

0.002 7,000 

0.002 7 , 0 0 0  
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49 

49 

49 

Sharp  

F l a t  P l a t e  

B a l l  

SPARK 
ENERGY 

(mJ) 

325 0 

7 2 . 0  t o  
270.0  

24.0 

14.7 

14.7 



Phono 
needle 

Brass shaft 
& 

Steel block 
3 

n 

UNCONFINED PARTLY CON f l  N ED 

F i g u r e  1. U . S .  Bureau of Mines Approaching-Needle 
Electrode Apparatus. ( R e f  4 )  
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or Teflon 
Bearing 

h o t o n e  S t e e l  
Phonograph needle+ 

Needle Holder- V a r i  an 
connector #953- 06 

Sample Holder 
h l  

h o t o n e  S t e e l  
Phonograph needle+ 

Sample Holder 
Load Resis tor  Load Resis tor  

1" Dfa. Brass 

1 2 " x 1 2 " ~ 2 ~  Chamber 
I 

1/2" 

S t a r r e t h  T-465 
1" Micrometer 
0.0001** Grad. 7 

Figure 2. Picatinny Arsenal Approaching-Needle Electrode Apparatus. ( R e f  6) 



f 

+UPPER ELECTRODE 

P W  HOLDER 

STEEL PIN, 4 .8  MM DIA., 14.9 MM LONG 

ELECTRICAL TAPE *-+ 
0.19 FQ-f THICK, 4.8 PIM DIA. HOLE STEEL SAMPLE HOLDER 

19 MH DIA. ,  9 . 5  MM LONG 

.cI BASE ELECTRODE 

4- INSULATOR 

- - .. 

Figure 3. Picatinny Arsenal Approaching-Plate 
Electrode Apparatus. ( R e f  5) 
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d 
(A) Ball Electrode 

No-gap, fixed-gap, 
and approaching 
test positions 

(B) Sharp Electrode 

Fixed-gap and approaching 
test positions 

(C) Flat Plate Electrode 
No-gap and fixed-gap 
test positions 

sample 

(D) Pipette Plate Electrode 

Fixed test position 

sample 

(E) Pipette Sh 

Fixed test 

rp Electrode 

position 

Figure 4. Electrode Configurations Used in Electrostatic 
Sepsitivity Testers at Safety Consulting Engineers. 
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~ isolating resistor 

power 
supply 

J 

& - - - - -.. 

(A) Capacitive Circuit 

electrodes 

isolating resistor switch 

resistance . 

electrodes 

--.. - - - 
II - 

(B) Capacitive-Resistive Circuit 

isolating resistor switch 

power 
. supply 

circuit 
resistance 

I 

Lllk 7 

(C) Capacitive-Inductive Circuit 

- transformer - 

Figure 5. Electr ical  Circuit ConfiguratiQns f o r  Electrostatic 
Sensitivity Testers at Safety Consulting Engineers. 
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